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Rabbit  immunoglobulins  bear  six  well  defined  genetically  controlled  antigenic 
determinants termed allotypes (1).  Three of these allotypes, Aal, Aa2, and Aa3,  are 
located on the H  chain of rabbit IgG, and the other three,  Ab4, Ab5, and Ab6, are 
found on the L  chain  (2, 3).  Specific  antisera produced in rabbits  to all  six  of these 
allotypes may stimulate  blast transformation and DNA synthesis when  added to in 
vitro  cultures  of lymphocytes obtained  from  a  donor  of  the  appropriate  allotypic 
specificity  (4, 5). The specificity of this transformation appears to be due to the genetic 
identity of the lymphocyte and is not conferred upon lymphocytes by environmental 
immunoglobulins (4, 6). The addition of two antisera to different allotypes located on 
the same IgG chain or to allotypes located on different IgG chains induces a summa- 
tion of lymphoblast transformation and DNA synthesis. One interpretation  of these 
results was that lymphocytes of the peripheral blood may be primed to produce only 
one or the other of the two polypeptide chains of IgG, but not both (5). 
Xenogeneic antisera  to rabbit  IgG are also capable of inducing blast  trans- 
formation and  DNA synthesis  in  rabbit  lymphocyte cultures  (4,  7).  In order 
to provide further  data  to evaluate  the hypothesis derived from the allotypic 
transformation,  the  effect of sheep antisera  to rabbit  IgG and  to  rabbit  IgG 
subunits  (L chain,  H  chain,  Fab piece,  and  Fc piece)  was tested.  The results 
indicate:  (a)  that  as  many as  10,000,000  molecules  of antibody are  required 
for each  lymphocyte transformed;  (b)  that  each  peripheral  lymphocyte con- 
tains the antigenic  specificities  representative  of the entire  IgG molecule; and 
(c)  that  summation  is most likely the result  of the ability  of mixtures  of dif- 
ferent  specific  antisera  to  provide  more  antibody  molecules  per  cell  than  a 
single antiserum alone. 
* This investigation  was supported  by Grant A1-07125-01 from National Institute of Al- 
lergy and Infectious Diseases, National  Institutes of Health,  Bethesda. 
Recipient  of Research  Career  Development  Award  1-K3-AI-23,308-01 from National 
Institute of Allergy and Infectious  Diseases, National  Institutes of Health. 
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Materials and Methods 
Rabbit IgG was obtained from the 0.0175 M, pH 6.3 phosphate buffer eluate of a diethyl- 
aminoethyl (DEAE) cellulose column as described by l,evy and Sober (8). Prior to injection 
into sheep or further treatment, the purity of these preparations was tested by double diffusion 
in agar and immunoelectrophoresis  using a polyvalent goat antiserum to whole rabbit serum. 
For the production of H  and L  chains of rabbit  IgG,  DEAE-derived IgG was reduced 
with 0.1 M 2-mercaptoethanol for 1 hr at 37°C in tris-HCl buffer (0.5 M, pH 8.2) followed by 
Fro.  1.  Double diffusion in agar precipitin reaction of sheep antisera to rabbit IgG sub- 
units with rabbit IgG subunits. H,  H  chain; L, L  chain; AH,  antiserum to H  chain; AL, 
antiserum to L chain; ab, Fab piece; c, Fc piece; Aab, antiserum to Fab piece; and Ac, anti- 
serum to Fc piece. 
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FIG. 2. Quantitative precipitin curve of a  sheep antiserum to rabbit IgG. This antiserum 
(87/I) contained 0.13 mg of antibody proteln/ml. STEWART  SELI,  291 
the addition of an equal volume of 0.1 M iodoacetamide in 0.5 M, pH 8.2 tris buffer (9,  10). 
Separation was accomplished by gel filtration on a 2.5  X  45 cm column of Sephadex G-100 
in 1 N acetic acid (10). The descending portions of the two peaks obtained were pooled, and 
used for immunization. 
Fab and Fc pieces of DEAE-derived rabbit IgG were obtained by digestion at 37°C for 
15 rain with papaln  (1 mg/lO0 mg protein 2 X  crystallized, lot 5598, Worthington Biochem- 
ical Corp., Freehold, N. J.) in 0.1 ~t phosphate buffer pH 6.3 preceded by incubation at 37°C 
in 0.01 ~r cysteine and 2.0 mM Na EDTA for 1 hr (11). The Fab and Fc pieces were separated 
by chromatography on carboxymethylcellulose as described by Porter  (11). 
TABLE I 
Calculation of the Number of Antibody Molecules Added per Transformed Lymphocyte 
No. of Ab  No. of Ab  No. of cells  molecules  per  Volume of  Antibody  molecules  Transformation  transformed  lymphocyte  antiserum*  X 10t45  X l0  s  X 107 
Antiserum 90/94 (0.142 mg Ab protein/ml) 
nd 
0.5 
0.25 
O. 125 
0.05 
0.025 
0.0125 
~g 
71 
35 
17 
7.1 
3.5 
1.7 
3 
1.5 
0.75 
0.3 
0.15 
0.075 
% 
67 
80 
73 
34 
12 
3 
3.35 
4 
3.65 
1.7 
0.6 
0.15 
9 
3.75 
2.0 
1.8 
2.5 
5.0 
Antiserum 87/1  (0.13 rag Ab protein/ml) 
0.25  32.5  1.4  47  ]  [2.35  6 
0.125  16  0.7  21  1.05  6.6 
* Each culture  contained 0.5 ml calf  serum and a volume of  normal sheep serum sufficient 
to make the total  volume of  sheep serum 0.5 ml. 
A value of 140,000 was used as the molecular weight of  sheep IgG. According to molec- 
ular  weights determined for other species  this  value may be as much as 20% in error (23). 
The whole IgG and subunits obtained were concentrated by vacuum dialysis, separately 
incorporated  into  complete  Freunds  adjuvant  (Bacto,  Difco Laboratories,  Inc.,  Detroit, 
Mich., control 478918)  and  an  aliquot of each preparation  was separately injected intra- 
muscularly into each of two sheep. Booster injections of each preparation were given intra- 
muscularly 3 wk after the primary injection. The sheep were bled 3 and 7 wk following the 
booster injection and  the antisera obtained were tested for  specificity by  double  diffusion 
in agar and immunoelectrophoresis. 
All of the antisera gave only a  single precipitin line consistant with IgG when reacted 
against whole rabbit serum. Fig. 1 illustrates the reactions obtained when the sheep antisera 
against rabbit IgG subunits were tested for specificity by double diffusion in agar. Although 
the presence of some cross-reactivity cannot be completely ruled out, it was concluded that 
the antisera were of sufficient specificity to be used for the in vitro experiments. 
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used as donors of lymphocytes for culture. Blood was obtained from the marginal ear vein 
and lymphocyte-rich suspensions were prepared as previously described using 3% w/v pig 
skin gelatin  (4).  The cell concentration was  determined by counting in a  standard  hemo- 
cytometer. The lymphocytes were washed once in Eagle's suspension medium (Microbiological 
Associates, Inc., Bethesda, Md.) containing ~0  volume tryptose broth (Difco Laboratories), 
200 traits/m1 of penicillin, and  100  units/m1 of streptomycin. The  lymphocytes were  sus- 
pended in the volume of medium necessary to give a cell concentration of 5 X  106 lymphocytes 
per ml. 1 ml of this suspension was added to 2 ml of medium in bijou bottles (A. Gallenkamp 
TABLE  II 
Effect of Sheep Antisera to Rabbit IgG Subunits on Rabbit Lymphocytes In Vitro 
Volume of  Per cent blast transformation and uridin~a4C uptake after addition of 
an~serum 
added  Anti-L  Anti-H  Anfi-Fc  Anfi-Fab 
ml 
O* 
1/2 
1/4 
1/8 
1/20 
1/40 
1/80 
0 
1/2 
1/4 
1/8 
1/2o 
1/4o 
1/8o 
1/lOO 
3,  1982§ 
49  4166 
30  3021 
21  2117 
29  2733 
15  3080 
9  2797 
2  996 
Toxic 
31  1211 
38  1921 
29  1855 
53  2247 
50  1756 
2  1539 
1  1112 
67  2063 
73  2896 
63  4481 
26  1595 
19  1907 
15  1224 
2  1216 
42  2070 
57  2254 
54  2274 
50  3431 
88  2639 
16  2001 
13  1886 
<1  1249 
36  9205 
33  9119 
35  7009 
40  4119 
11  1666 
8  1418 
Not Done 
<1  788 
Toxic 
62  2245 
19  1270 
20  1186 
14  913 
Not Done 
* ~  ml calf serum and a volume of normal sheep serum sufficient to make the total volume 
of sheep serum in each culture 0.5 ml was added to each culture. 
Per cent blast transformation. 
§ Counts/10 min. 
and  Co.,  Ltd.,  London).  0.5  ml of calf serum  (Microbiological Associates,  lot  59169)  was 
usually added to the cultures. In addition a  specified amount of normal sheep serum and/or 
sheep antiserum was added to each culture so that the total volume of sheep sera added was 
0.5 ml. The sheep sera used for culture were decomplemented by heating at 56°C  for 30 re_in 
and absorbed by an equal volume of packed washed rabbit erythrocytes. The processing of 
the sheep sera and the use of calf serum in the rabbit lymphocyte cultures was found to be 
necessary because of the presence of naturally occurring toxic factors for rabbit lymphocytes 
present in the normal sheep serum used  (12).  0.03 ml of phytohemagglutinin was also added 
to some cultures (Difco Laboratories, phytohemagglutinin M.,  lot  0528). After 44  hr  each 
culture  received  0.05  #c  of  uridine-l~C  or  thymidine-x4C,  and  the  cultures  were  incu- 
bated for a further 4 hr. The lymphocytes were then placed in suspension by gentle agitation 
of the cultures and 0.5 ml of the culture removed. This aliquot was centrifuged at  1000 rpm 
for  10 rain, smears made from the deposit of cells remaining, and  the smears stained with STEWART  SELL  293 
TABLE  III 
The Effect of the Addition of Two Sheep Antisera to Rabbit IgG L  Chain on Rabbit Lymphocytes 
In Vitro 
Volume of sera added 
Anti-Ll 
1/20 
1/40 
1/80 
114o 
114o 
1/80 
1/8o 
Anti-L2 
ml 
1/8 
1120 
1/40 
1/8o 
1140 
112o 
1140 
1/20 
Blast 
transformation 
% 
2 
48 
23 
7 
33 
9 
1 
<1 
26 
31 
6 
11 
Urldine-l'C  uptake 
coun~s/lO  mln 
916 
2369 
1504 
1418 
2446 
1506 
1733 
1233 
1759 
2009 
1754 
2020 
Effect  of 
mixtures* 
+ 
+ 
0 
0 
* +, additive (dose effect); and O, no change. 
TABLE  IV 
The Effect  of the Addition  of Two Sheep  Antisera to Rabbit  IgG Fab Piece on Rabbit 
Lymphocytes  In Vitro 
Volume of  sera  added 
Anfi-Fab 1  Anfi-Fab 
ml  ml 
1/8 
114o 
118o 
114 
--  1/8 
--  1/40 
1/8  1/4 
1/8  1is 
1/8  1/ o 
1/80  1/4 
1/80  1/8 
118o  114o 
Blast 
transformation 
% 
1 
50 
27 
30 
48 
43 
15 
59 
42 
18 
38 
29 
34 
Urldine-l~C uptake 
counts/lO mln 
2078 
3879 
4148 
2275 
4861 
5102 
3879 
5816 
7056 
5391 
5112 
3771 
4414 
Effect of 
mixtures* 
++ 
0 
* +  +, summation; +, additive (dose effect); O, no change and --, inhibitory. 294  STUDIES ON  RABBIT LYM-PHOCYTES IN  VITRO.  V 
Jenner-Giemsa at pH 5.5 (4). The per cent of blasts present was estimated from these smears 
by microscopic examination.  The remaining volume of lymphocyte  culture  was centrifuged 
at 1000 rpm for  10 min. The button of cells obtained  was washed once in 0.85% NaC1, al- 
lowed to dry, dissolved in 1.0 mi hyamine, and the radioactivity determined using a standard 
phosphore  as previously  described  (4). The activity was recorded as disintegrations  per  10 
rain. 
TABLE V 
The Effect of  the Addition of  Sheep Antisera to Rabbit IgG L and H Chain on RabMt Lymphocytes 
In Vitro 
Volume of sera added 
Anfi-L  Anfi-H 
ml  ml 
1/2 
1/4 
1/8 
1/20 
1/40 
--  1/2 
--  1/4 
--  1/8 
--  1/20 
--  114o 
114  114 
1/8  118 
1/8  1/40 
1/20  1/20 
1/20  1/40 
1140  118 
114o  1120 
1/40  1/40 
Blast 
transformation 
% 
2 
76 
57 
91 
74 
47 
69 
63 
80 
23 
8 
44 
86 
90 
87 
83 
91 
87 
84 
Uridine-t4C uptake 
counts/lO rain 
1395 
3704 
2127 
4322 
3352 
2133 
3584 
3748 
5521 
2049 
2209 
3722 
3978 
3535 
4100 
4013 
3877 
4327 
3257 
Effect of 
mixtures* 
m 
+ 
+ 
+ 
+ 
+ 
* +, additive (dose effect); and  --, inhibitory. 
RESULTS 
Estimation  of  the  Amount  of Antibody  Required for  Transformation.--The 
quantity  of anti-IgG antibody  in  two  sheep  antisera  to  rabbit  IgG was  de- 
termined by a  quantitative precipitin reaction against immunochemically pure 
rabbit  IgG as illustrated in Fig. 2.  The number  of antibody molecules added 
for each transformed lymphocyte was then calculated as follows: 
Number of molecules of antibody  =  Weight in grams  >(  Avogadro's number 
Molecular weight of antibody STEWART  SELL  295 
Number of cells transformed =  per cent blasts X  number of ceils in culture 
Number  of molecules of antibody per  lymphoblast  = 
Number of antibody molecules added 
Number of cells transformed 
Obviously the  data  used  for such  calculations  are subject  to considerable 
experimental and theoretical error.  However, the results  of two such experi- 
TABLE VI 
The Effect of the Addition of Sheep Antisera to Rabbit Fab and Fc Pieces on Rabbit Lymphocytes 
In Vitro 
Volume of sets added 
Anti-Fab 
ml 
1/8 
1/20 
1/40 
1/80 
1/8 
1/40 
1/80 
1/40 
Anti-Fc 
m/ 
1/8 
1/20 
1/40 
1/8 
1/40 
1/40 
1/8 
Bla~ 
% 
46 
39 
17 
16 
<1 
40 
23 
6 
Toxic 
27 
54 
42 
Ufidine~Cuptake 
count~/lO min 
3120 
3565 
360O 
2345 
1770 
5937 
2363 
2810 
2176 
2420 
2257 
Effect of 
mixtures* 
+ 
++ 
o 
* -F+, summation; -F, additive (dose effect); and 0, no change. 
ments are given in Table I, and they indicate that a large number of antibody 
molecules (at least I  X  107) is required to induce the transformation of a single 
ceil. 
Induction of Lymphocyte Transformation with Antisera to IgG Subunits.--The 
effect of two antisera to the L chain, two antisera to the H chain, one antiserum 
to the Fc piece, and one antiserum to the Fab piece of rabbit IgG on rabbit 
lymphocytes in vitro is given in Table II. Antisera to each of the IgG subunits 
alone  may induce  transformation  as  high  as  80-90%  in  a  given experiment 
(some not shown in Table II) and a similar effect of dilution is produced with 
each of the antisera. 
Evaluation  of "Summation"  with  Mixtures  of Ant~sera.--The  effect of  the 
addition of two antisera specific for the same IgG subunit and of two antisera 296  STUDIES  ON"  RABBIT  LYM~HOCYTES  IN  VITRO.  V 
TABLE VII 
The Effect of the Addition of Sheep Antisera to Rabbit IgG  L  Chain and Fc Piece on Rabbit 
Lymphocytes In Vitro 
Volume of sera added 
Anti-L  Anfi-Fc 
ml  mt 
1/8 
1/2o 
1/4o 
--  1/8 
--  1/2o 
--  1/4o 
1/8  i/8 
118  l/,io 
1/20  1/8 
112o  114o 
1/4o  118 
1/40  1/40 
Blast 
tmnsformatlon 
% 
<1 
35 
29 
6 
56 
6 
4 
61 
Toxic 
47 
28 
71 
32 
Uridine-14C uptake 
counts/lO rain 
1258 
2679 
1702 
2281 
3301 
2627 
1842 
3801 
3082 
3067 
6073 
2221 
Effect of 
mixtures* 
0 
++ 
+ 
* ++,  summation; +, additive (dose effect); 0, no change; and  --, inhibitory. 
TABLE VIII 
The Effect of the Addition of Two Different Sheep Antisera to Rabbit  IgG Subunits on Rabbit 
Lymphocytes In Vitro 
Antisera 
L+L 
Fab +  Fab 
L+H 
L+  Fc 
Fab +  Fc 
H+Fc 
H  +  Fab 
L  +  Fab 
++ 
Effect of mixtures* 
+  o 
6  5 
1  2 
11  4 
5  2 
3  2 
3  4 
1  2 
2  4 
6 
3 
7 
6 
4 
5 
1 
4 
*The  symbols indicate  that  per  cent  blast  transformation with  mixtures was:  ++, 
greater than the maximum obtained in the same experiment with the optimal dilution of 
either antiserum above (summation);  +, greater than the same dilution of either antisera 
alone; 0, essentially the same as the same dilution of either antiserum alone; and --, less than 
either antiserum alone. STEWART  SELL  297 
specific for different IgG subunits found in different experiments  is presented 
in Tables III, IV, V, VI, and VII. If the effect of a mixture of two antisera is 
greater than the maximum effect (optimal dilution) of either of the antisera 
alone, the result is termed "summation." If the addition of mixtures of antisera 
results in an effect greater than either of the given dilutions of one of the anti- 
sera separately, but less than the maximum obtained with optimal dilution of 
either of the antisera alone, then a "dose effect" has occurred. It is apparent 
that summation is an extremely difficult parameter to evaluate especially due 
to the effect of dilution and the inherent experimental error. A summary of the 
results  of fourteen separate experiments  is given in Table VIIL Summation 
was not consistently found in any given experiment. 
DISCUSSION 
The finding that up to 80-90 % of the peripheral  lymphocytes of the rabbit 
may be stimulated in vitro by a single antiserum specific for IgG or for IgG 
subunits (L chain, H chain, Fc piece, Fab piece) indicates  that each lympho- 
cyte carries  the antigenic specificity  of the entire IgG molecule. This is  in 
contrast to one of the interpretations of our previous summation results  with 
antisera to rabbit aUotypic determinants (5)  but consistent with the  finding 
that peripheral  lymphocytes may be capable  of producing  immunoglobulins 
(13-15) or specific antibody (16, 17). 
Summation, in respect  to lymphocyte transformation, may be defined as 
occurring  when the combination of two  (or more)  antisera stimulates more 
cells than the optimal concentration of either antiserum alone. If the combina- 
tion of two submaximal doses is additive, just a dose effect has occurred. Evalu- 
ation of the effect of mixtures  of sheep  antisera to rabbit IgG subunits on 
lymphocytes  in vitro fails to convincingly demonstrate summation, although an 
additive dose effect occurs. Results consistent with summation are  rarely ob- 
served,  and these  could be the result of experimental  variation. In the anti- 
allotypic situations, however, the addition of mixtures of antisera to two allo- 
types controlled by two different genetic loci or of mixtures of antisera to two 
allotypes controlled by the same locus consistently resulted in summation (5). 
Summation of lymphocyte transformation in the allotypic system may be 
caused by the synergistic effect of two antisera having different specificities. It 
appears  that for a given cell to be stimulated to undergo transformation, one 
of the three following criteria must be fulfilled: (a) a given number of antibody 
molecules must be attached to or present in the cell;  (b)  a given number of 
antigen-antibody  unions must take place on or in the cell; or (c) a given number 
of antigenic sites must be occupied by antibody. Our estimation of the number 
of antibody molecules required to stimulate a single cell varies between 1 X  l0  s 
from the previous  results of absorption of the activity of antiallotype sera by 298  STI.TDI'ES  ON  RABBIT  LYMPHOCYTES  IN  VITRO.  V 
lymphocytes (4)  to  1  ×  l0  T from the present results with sheep anti-IgG. If 
some number of antibody molecules greater than one must react on or in the 
lymphocyte in order to stimulate blast transformation, a single antiserum at a 
given concentration may provide a  given number of antibody molecules per 
cell, but  not provide sufficient molecules to  induce transformation. If some 
antigenic sites which do not react with the first antiserum, but which could 
react with a second antiserum, are still available on or in a given cell, then the 
addition of the second antiserum would provide the total number of antibody 
molecules necessary to stimulate the cell.  Thus with either antiserum alone a 
given cell may not be provided with enough antibody molecules to be stimu- 
lated, but the critical number of antibody molecules would be provided by the 
mixture. 
The synergistic effect of two antiallotypic antisera specific for different anti- 
genic determinants on the IgG molecule could account for summation found 
with the antiallotype system. Studies of rabbit allotypes indicate that the anti- 
genic site for these determinants occupies a relatively small part of the immuno- 
globulin molecule (18, 19), that there are a limited number of allotypic antigenic 
sites per molecule of IgG (20),  and that a  significant proportion of the IgG 
molecules (approximately 20 %)  may not carry the allotypic specificities  con- 
trolled by a given locus (20).  The number of antiallotypic antibody molecules 
that could react with a  given number of IgG molecules on or in a  given cell 
may be limited by these factors and, in addition, some of the allotypic reactive 
sites may be unaccessible (buried determinants). The addition of the optimum 
amount of one antiallotypic serum may, (a)  stimulate cells that react with a 
sufficient number of antibody molecules, (b)  prestimulate or "sensitize" ceils 
with substimulating numbers of antibody molecules, or (c) not react with the 
cell at all. 
Summation with a  mixture of allotypic antisera can then be explained by 
a  different mechanism depending upon whether, (a) summation is induced by 
mixtures of antisera to two allotypes controlled by the same locus, or (b) stimu- 
lation is induced by mixtures of antisera to two allotypes controlled by dif- 
ferent loci. In the first situation, it would be expected that each cell of a hetero- 
zygote contains or expresses  only one of the two allotypes supplied genetically 
(21,  22).  Summation results from one antiserum stimulating a  proportion of 
the cells  expressing one allotype while the second antiserum stimulates cells 
expressing the other allotype. In other words, situations a and c, listed in the 
paragraph above, would operate separately for each antiserum and the addition 
of both results in summation. In the second situation, in which each cell may 
contain or express the allotypic determinants expressed by two loci,  each cell 
has the potential to react with both antisera in a mixture of antisera directed 
against  the  appropriate  allotypic  determinants.  One  antiserum  could  both 
stimulate and presensitize. Summation could result from the ability of a  mix- STEWART S~LL  299 
ture of antisera to provide  enough antibody molecules together to stimulate 
the cells that would only react with a substimulating number of molecules when 
a single antiserum was provided; i.e., situations a and b listed above. 
In view of the much greater number of antigenic sites available on the antigen 
molecule for reaction with the sheep  antisera to rabbit IgG or its subunits 
compared to the sites available in the allotypic systems, it is unlikely that the 
mechanisms postulated above, to explain the summation in the allotypic sys- 
tems, are operative in the xenogeneic systems. Thus, in any given experiment, 
the addition of different dilutions of two xenogeneic antisera to IgG subunits 
may, (a)  cause a decrease in rate of transformation over one antiserum alone 
due to the toxic or inhibitory effect present at the greater concentration, (b) 
cause an additive effect due to a higher total antibody concentration providing 
more  antibody molecules per  cell (dose effect),  or  (c)  have no effect on the 
per cent of cells transformed. The experimental results  show, in fact, all of 
these situations. 
The  phenomenon of  lymphocyte transformation induced  by  xenogeneic 
antisera to IgG and its subtmits indicates  that each small lymphocyte may 
carry complete {mmunoglobulin molecules and, therefore, may carry imrmmo- 
globlflln molecules with antibody activity. Such a  conclusion bears  upon the 
theoretical site of antigen recognition in the small lymphocyte in that it sup- 
ports the idea that immunoglobulin  antibody present in or produced by the 
small lymphocyte could be  the  antigen recognition  site  functioning in  the 
primary immune response. 
SUMMARY 
The addition of sheep antisera to rabbit IgG or to rabbit IgG subunits (L 
chain, H  chain,  Fab piece, Fc piece) to in vitro cultures of rabbit peripheral 
lymphocytes may induce up to 80-90%  of the small lymphocytes to transform 
into immature "blast" ceils. As many as 1 X 107 molecules of antibody may be 
required to stimulate each cell. It is concluded that each peripheral lymphocyte 
carries  the antigenic speciticities of the entire IgG molecule and thus could 
carry, and may produce specific antibody molecules. Such a conclusion supports 
the theory that the small lymphocyte may be the site of specific recognition of 
antigens in the primary response. 
The excellent technical  assistance of Miss Stephanie Hughes  is gratefully  acknowledged. 
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